INTRODUCTION
The two-fluid properties of superfluid helium offer the possibility of maintaining two velocity fields, v, and v s (for normal and superfluid components, respectively). The flow of entropy S is associated with the flow of the normal component of density Pn only. If a heat current Q is transported by He II through a tube its normal component has to flow from the hot to the cold end of the tube at a velocity
The condition of zero net mass flow j in a closed system will be satisfied by a counterflow of the superfluid component of density Ps :
The unusually high thermal conductivity of superfluid helium is brought about by this counterflow of the two components with a relative velocity
the so-called "thermomechanical effect."
For small relative velocities or small heat currents the thermal conductivity of superfluid helium reaches very high values because the only dissipating process arises from the viscosity of the normal component. As a result very small temperature gradients can produce large fluxes of heat in He II. In this region the heat *Present address: Laboratory of Atomic and Solid State Physics, Cornell University, Ithaca, New York.
current is proportional to the temperature gradient. But above a certain relative velocity wc (which in most cases is of the order of cm/sec), quantized vortices are produced in the superfluid and collide with the thermal excitations comprising the counterflowing normal component. Due to their resulting interaction the two components of superfluid helium do not flow independently. The interaction between thermal excitations and counterflowing vortices reduces the thermal conductivity of superfluid helium. Experiments have shown that in this case the temperature gradient is approximately proportional to Q3. Gorter and Mellink 1 have added a mutual friction force term to the hydrodynamic equations for He II to take this interaction into account. According to them the temperature gradient resulting from mutual friction is given by VT = A'. wm'. pn/S (4) where m' was supposed to have the value 3 and A' is a constant. Most experiments have been performed below 2.1°K and are in qualitative agreement with this equation. But in explaining quantitatively experimental results with an equation like (4), the exponent m' was found to be temperature-dependent with values ranging from 3 up to 4. 2.8 In addition, the mutual friction constant A' showed an increase by about a factor of eight between 1.3 and 2.1°K) '4'8 Furthermore, there is some discrepancy in the literature in which way, and if at all, an onset velocity for the mutual friction should be taken into account in Eq. (4)2-5--some of these results may be influenced by classical turbulence in the normal component. 5,9
In heat-current experiments at temperatures near Tx one can reach high velocities v s and w and therefore large temperature gradients at rather modest heat-current densities and velocities vn of the normal component due to the decrease of the superfluid density near T~. Recently, Ahlers 6 has shown that a divergent mutual friction constant A' can explain the measurement of heat flow in He II near T~ reported in Refs. 4, 6, 7, 10, and 11 . Gaining more quantitative information about the vortex-thermal excitation interaction near T~ is of interest.
In this paper we report measurements of temperature gradients in He II as a function of temperature for the range 0.09 m°K < Tx -T < 16 m°K performed at different heat currents (1.3 mW/cm 2 < Q < 158 mW/cm2). Our results are interpreted in terms of the mutual friction theory.l'2 Also, at temperatures as near as 0.09 m°K to T~ they can be fitted to an equation similar to (4) taking into account an onset velocity for the mutual friction and a divergence of the mutual friction constant with (Tx-T) -°'35-+°°6. With these modifications no temperature dependence and no change of the exponent of the heat current in Eq. (4) from its originally I postulated value of 3 are necessary to explain the data.
EXPERIMENTAL APPARATUS AND RESULTS
The experimental setup was similar to the one used in our earlier experiments. 7'1° A helium-filled stainless-steel cylinder (13.8-mm i.d., 0.1-mm wall, 100-mm length) was surrounded by a vacuum jacket, except at its top where it
